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Abstract
The major conversion programme preparing the CPS
as a proton injector for the LHC is being completed.
Several beams have already been made available during
the past years to study the LHC beam behaviour and its
limitations in the SPS, notably longitudinal instabilities.
At the end of 1999, a “transversally nominal” LHC beam
has even been extracted from the CPS.
We will review those beams which have been
delivered, as well as the new scheme based on a "triple
splitting", which should be made available during the
coming year, thanks to the installation of a new 20 MHz
cavity.
1  INTRODUCTION
At the beginning of 1999, the PS machine has started
up with a new proton injection energy of 1.4 GeV.
Although only necessary to obtain the transverse
specifications of the ultimate LHC beam [1], the new
injection energy eventually facilitated the routine
operation as well as the preparation of new beams. Also,
spare 40 MHz and 80 MHz cavities were installed in the
PS ring, and have sometimes been used in conjunction
with the readily operational ones, to provide ultra-short
bunches. During 1999, eight different beams of four
various types (14 GeV/c, single bunch, bunch train, and
LHC simulation) were delivered to the SPS for machine
developments. These beams and their longitudinal
properties are listed in table 1 below, and will be
reviewed in detail in the next section.
 At the end of 1999, the double-batch filling scheme of
the PS machine was put into operation, which allowed
the production of a "transversally nominal" LHC beam,
as will be described in section 3. However, as the
longitudinal characteristics demanded by the LHC could
not be met using the "debunching-rebunching" scheme, a
new scheme, based on successive bunch splitting stages,
was designed [2] where the beam is always kept under
control of the radio-frequency. To this effect, a prototype
20 MHz RF cavity is being installed in the PS machine,




















SFTPRO 14 3 16 0.05 5-7 1-turn CT for Optics measurements in TT2/TT10
MDPRO 14 2 420 0.1 <5 Fast extraction for High intensity studies
TSTSPS 20 1-5 1 0.2 25 Impedance spectrum measurement; study of
microwave instability below transition.
MESPS
long
26 2 1 0.2 22 Impedance spectrum measurement; study of
microwave instability above transition.
MESPS
short
26 10 1 0.2-0.5 5 Reference measurement of the impedance for
vacuum port shielding campaign
MESPS
ultra-short
26 10 1 0.2-0.5 3 Reference measurement of the impedance for
vacuum port shielding campaign
MDSPS 26 3 8 0.1 8 Bunch train; pencil beam for optics
measurements in TT2/TT10
TSTLHC 26 1-10 84 0.4-0.5 4.3-5 Longitudinally (almost) nominal LHC beam
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2  MACHINE DEVELOPMENT BEAMS
DELIVERED TO THE SPS IN 1999
2.1  14 GeV/c beams
The single turn continuous transfer variation of the
SFTPRO beam ("One-turn CT"), and the fast extracted
MDPRO beam, were already available in the past
years. The concern in 1999 was how much their
performance would benefit from the upgrade of the
injection energy to 1.4 GeV. These intensity issues
will be dealt with later during this workshop [3].
 
 2.2  Single bunch beams
 Several flavours of single bunch beams (TSTSPS,
MESPS long, short and ultra-short) have been produced
for the needs of the SL/AP and SL/RF groups who study
the behaviour of low longitudinal emittance beams in the
SPS machine[4,5]. They are all produced in the same
way[6]:
x A low intensity (1011 protons), low longitudinal
emittance (0.2 eVs/bunch) beam is produced on
harmonic 2 in one ring of the PSB
x Out of the two bunches, a single one is injected in
the PS, and accelerated to 20 or 26 GeV/c, on the
low-intensity, harmonic 16 beam control (H16LI)
x To match the users' requests, the intensity of the
bunch is reduced at high energy, using the vertical
emittance measurement target as a vertical
scraper. This makes sure that the longitudinal
properties of the beam are preserved as much as
possible.
Finally, the bunch length is set according to the users'
request. Bunch lengthening up to 25 ns (for TSTSPS and
MESPS long) is achieved by a simple adiabatic voltage
reduction; while bunch compression down to 5 or 3 ns
(for MESPS short and ultra-short) involves more
complex gymnastics: first a recapture on harmonic 84
(40 MHz), followed by a bunch rotation involving
40 MHz and 80 MHz cavities.
 
 2.3  Bunch train beam
 For the bunch train beam "MDSPS", 8 low emittance
bunches are injected in every second bucket of the low
intensity harmonic 16 beam control of the PS. The beam
is fast extracted after acceleration to 26 GeV/c. No
special RF gymnastics are required.
 
 2.4  LHC simulation beam
 The "TSTLHC" beam has been used extensively
throughout the year, as it best simulates the longitudinal
properties of the beam the PS will have to provide to fill
the LHC.
 Eight bunches are injected in the PS on a harmonic 8
RF system. They are accelerated on this harmonic up to
3.5 GeV/c, at which point they are split in two. The rest
of the acceleration, up to 26 GeV/c, is performed on
harmonic 16. On the high energy flat-top, the beam is
adiabatically debunched, and left coasting for about
100 ms, to try and get rid of the residual 10 MHz
stucture. The beam is then recaptured iso-adiabatically
on harmonic 84 (40 MHz). Finally the bunch length is
compressed down to 5 ns by a bunch rotation using
40 MHz and 80 MHz cavities.
 Unfortunately it has been shown that the longitudinal
blow-up inherently associated with the debunching
process, and limitations on the minimal RF voltage,
made it impossible to reach the design value of 0.35 eVs
for the longitudinal emittance per bunch. Also, the
presence of 84 bunches, only separated by 25 ns, implied
that 4 bunches were not properly ejected, as they stood
on the 100 ns long rising edge of the kicker pulse.
 
 3  THE TRANSVERSALLY NOMINAL
LHC BEAM
 After the double-batch injection had been successfully
put into operation, first attempts to produce an LHC-like
beam in the PS could take place. Due to the longitudinal
limitations explained above, attention was focussed on
the transverse properties, so no RF gymnastics were
attempted at high energy. On the contrary, the
momentum spread was kept low in order not to perturb
the measurements of the transverse emittances.
 The beam production scheme has already been
explained in detail [1], so we will only briefly describe
the cycle characteristics and the performance reached in
table 2 below.
 The transverse emittances are well preserved, as the
head-tail instabilities are damped by linear coupling,
while a feedback system damps the longitudinal
coupled-bunch instability [7].
 
 Table 2: Transversally nominal LHC beam.
 
 Number of PSB batches  2
 Cycle length  3.6 s
 Injection kinetic energy  1.4 GeV
 Extraction momentum  26 GeV/c
 Extracted intensity  0.9 x 1013 p/pulse
 Horizontal emittance  2.4 Pm (at 1 V)
 Vertical emittance  2.3 Pm (at 1 V)
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  4  PROSPECTS FOR THIS YEAR
 4.1  New tools in 2000
 A prototype 20 MHz (42th harmonic of the revolution
frequency) cavity has been manufactured in the PS/RF
workshop and will be installed in the PS ring during this
shutdown. This will allow us to try and produce the new
version of the LHC beam [2] as described in the next
section, avoiding the longitudinal blow-up associated
with the debunching stage.
 A new way of controlling the transverse matching of
the incoming beam from the PSB is being put in
operation, using a quadrupolar pick-up.
 Finally, more and more experience is being gained on
the tomographic reconstruction of the longitudinal phase
space[8]. This technique will be used to calibrate the
estimations of the longitudinal emittance based on bunch
length measurements.
 
 4.1  LHC beam in 2000
 The present ("new nominal") scheme for producing
the LHC beam is now a follows:
x Double-batch injection of 6 (2+4) PSB bunches in
6 consecutive h=7 buckets in the PS.
x Splitting in 3 on the injection flat bottom
x Acceleration up to 26 GeV/c on harmonic 21
(10 MHz)
x Second splitting, in 2, on the high energy flat top,
using a 20 MHz cavity
x Final splitting, in 2, using the 40 MHz cavities,
yielding a total of 72 consecutive bunches (filling
72 out of 84 buckets)
x Non-adiabatic bunch compression using the
40 MHz and 80 MHz cavities.
x Fast ejection. There is now a 300 ns gap between
the last and first bunch, more than enough for the
kicker rise time.
 
 Let us enumerate a few advantages and drawbacks:
x Taking into account that each splitting stage
introduces a longitudinal blow-up of about 20 %,
one gets a figure of 0.22 eVs for the emittance of
each bunch, to be compared to the nominal value
of 0.35 eVs. Should that beam cause stability
problems in the SPS, it will always be possible to
come back to larger values of the longitudinal
emittance, using controlled blow-up.
x As opposed to the TSTLHC beam which could
provide 84 bunches in 2.4 seconds, 3.6 seconds
are needed in the PS supercycle to provide the 72
bunches. It is however possible to deliver 48
bunches in a 2.4 seconds cycle. Also, other
missing bunch schemes are being studied for
getting rid of the electron clouds [9].
x The PSB will have to deliver a 14 % brighter
beam.
The first tests should take place during the PS
machine development periods foreseen in mid-April, and
we hope to be able to deliver it to the SPS at the end of
May.
 5  CONCLUSION
 An increasing number of special beams are being
made available by the PS complex for the needs of SPS
machine developments, involving many people in both
SL and PS divisions.
 It is then becoming more and more important to
adhere to a clear nomenclature, and to define priorities
[10] in order to minimise their setting-up time and to
avoid mishaps.
 Taking into account the various needs for existing and
new operational beams, as well as its own accelerator
experiments programme, establishing the machine
development schedule for the PS complex will challenge
the good will of all participants.
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